1 Identify symptoms related to the cauda equina syndrome. 2 Determine which examinations are necessary to make a cauda equina syndrome diagnosis. 3 Determine when decompression should occur for cauda equina syndrome.
C auda equina syndrome is rare, but when it does occur it can lead to poor outcomes with significant legal implications. Controversy exists as to whether the timing of surgical intervention may affect these outcomes. Recent studies have reinforced that early surgical decompression may be beneficial to early return of function. Expeditious surgery is, however, only one factor that can affect outcome in this syndrome.
The cauda equina consists of peripheral nerves, both motor and sensory, below the level of the conus medullaris and within the spinal canal. The conus medullaris contains the myelomeres of the five sacral nerve roots. Damage to any part of this structure may result in the cauda equina syndrome (CES). The clinical symptoms of CES are manifest by low back pain, sciatica, saddle and perineal hypoesthesia or anesthesia, a decrease in anal tone, absent ankle, knee, or bulbocavernous reflexes, and bowel and bladder dysfunction. The literature continues to be conflicting and controversial with regard to timing of surgical decompression. Judicious physical examination and prompt diagnosis remain the cornerstones of effective management of this syndrome.
CAUSES
Several causes of CES have been reported in the literature, including those from traumatic injury [1] [2] [3] [4] [5] , central disk protrusion [6] [7] [8] , chiropractic manipulation [9] , and metastatic invasion [10, 11] . The recent literature has included case reports on schwannoma, pneumococcal meningitis, Paget's disease, and laminar hooks all as possible causes of CES [12] [13] [14] [15] .
The pathophysiology of the insult has been investigated by Delamater et al. [16] in a canine model. Significant neurologic changes were observed with 75% restriction of the cauda equina. Neural tissue damage included an inflammatory response and axonal and wallerian degeneration followed by proliferating Schwann cells and regenerating axonal buds. Similar neuropathology was observed in several groups of subjects with experimental neural compression ranging from 2 to 3 seconds to 7 days. In their experimental study, Delamater et al. also relieved the compression immediately, at 1 hour, 6 hours, 24 hours, and 1 week following the insult. All animals recovered function, but those who were decompressed at an earlier time period recovered more rapidly. This animal model would therefore suggest that the timing of decompression may not be critical to outcome.
The most common cause of CES is midline prolapse of the intervertebral disk, and the most common levels reported are in the lower part of the cauda, particularly L4-L5. Most lumbar disk herniations causing CES are midline prolapse with bilateral symptoms. Lesions at the level of or below the disk herniation are not always complete, however, causing a varying degree of impairment in addition to asymmetry of the disturbance [9] . The literature supports that a complete block is not required to produce a CES. In Delamater et al.'s experimental work, a 75% compression was recorded as the degree likely to produce a lesion. Clinical evidence has demonstrated also that there is little correlation between the degree of block and the development of CES [6, 17] .
SYMPTOMS
Cauda equina syndrome can be regarded as a complex of low back pain, sciatica (pain extending down the lower limb in a dermatomal pattern), saddle hypoesthesia, and motor weakness in the lower extremities in association with either bowel or bladder dysfunction. Not all criteria are required for the diagnosis to be established. Symptoms of urinary dysfunction and saddle hypoesthesia with varying degrees of motor and sensory loss in either of the extremities are, however, necessary for the diagnosis.
Shepard [9] has grouped the symptoms into three convenient areas. Motor manifestations include limb weakness or weakness of some movements, hypotonia in the limb or some muscle groups, and diminished or absent reflexes. Sensory manifestations include hypoesthesia or hyperesthesia with objective signs of sensory loss in a dermatomal or myotomal distribution. Sphincter involvement of the bladder includes difficulty initiating micturition, retention, stress incontinence, and loss of urethral sensation. Bowel dysfunction includes constipation, loss of appreciation of rectal distension, and loss of anal tone and sensation. Sexual dysfunction may also be reported.
The term sphincter control refers to both motor and sensory supply of bowel and bladder and not only to the actual sphincter. This follows the convention set down by Shepard [9] . Significant sphincter impairment is the inability to control micturition or defecation or both, whereas partial impairment can be attributed to patients with some functional control [18] . Although sphincter control is implicit in the diagnosis of CES, it is often difficult to diagnose these symptoms at an early stage. Urinary retention associated with a herniated disk is often painless. Patients with low back pain are often confined to bed, and alteration in bladder function and saddle hypoesthesia may not be symptoms that the patient would consider unusual in these circumstances. In older patients with prostatism or with urinary catheters, these symptoms are often diagnosed some time after their onset. Most symptoms and signs of CES can be picked up by judicious examination in the emergency room. CES is often missed at the initial evaluation, however, as low back pain is a common and generally benign condition. The value of a comprehensive emergency room evaluation was emphasized in a recent report by DellaGiustina [19] . The examination of back pain and sciatica should always include a rectal examination and an evaluation of perianal sensation. If this is not done initially at presentation, it is often omitted from subsequent examinations. It is these cases that occur in a health care facility that are difficult to defend in court.
The diagnosis of CES can be aided by conventional imaging studies. Magnetic resonance imaging and computed tomography not only determine the level of pathology but also aid in the diagnosis of the primary pathologic lesion, either disk, tumor, or otherwise. In a recent review of computed tomography and magnetic resonance imaging in evaluating cervical radiculopathies, Shaffaie et al. [20] demonstrated that these two studies had a degree of concordance that was regarded as moderately good and that they should be regarded as complementary rather than exclusive diagnostic tests. Spine magnetic resonance imaging also has been recently compared to electromyography in the evaluation of radiculopathy. Nardin et al. [21] reviewed 47 patients with either cervical or lumbosacral radiculopathy and demonstrated an agreement of 60% between the two studies. Other authors have suggested the use of urodynamic studies to evaluate bladder dysfunction in CES. Although the causative pathology and the level of pathology are important in the work-up of a patient with CES, it is critical that these tests do not delay prompt intervention. The diagnosis of CES is based on a clinical examination primarily.
ONSET OF SYMPTOMS
Tandon and Sankaran [22] divided patients with CES into three groups with regard to onset of symptoms: group I, in which the symptoms arose suddenly without previous history of backache; group II, in which there was an acute onset of bladder dysfunction following a long history of low back pain; and group III, in which CES arose gradually from a background of chronic low back pain and sciatica. In a comprehensive analysis of experimental porcine cauda equina syndrome, Olmarker [23] demonstrated that a more rapid onset of progression (0.05 to 0.1 seconds, compared with 20 seconds) resulted in an increase in local vascularity permeability and a significant reduction in nutritional supply to the compressed segment. This was not demonstrated, however, by Delamater et al. [16] in the canine CES model nor by Kennedy et al. [24] in a clinical review in which the onset of symptoms was not regarded as a prognostic indicator. Both Kostuick et al. [6] and Gleave and MacFarlane [17] have substantiated the Olmarker animal study in a clinical setting, however. A slightly poorer prognosis following decompression was noted by these authors in patients with a more acute onset of symptoms in the absence of prior back pain. This association between rate of onset and outcome may be ascribable to patients with more severe symptoms, and consequently the more significant pathology, presenting earlier than patients with a slower onset.
PREDICTORS OF OUTCOME
Early surgical decompression has been suggested to obtain a satisfactory recovery. Shepard [9] has implicated delayed surgical decompression with a poor outcome and advocates early intervention as a prerequisite to return of full neurologic function. Nielson et al. [25] support this concept of early decompression, establishing by urodynamic parameters that early intervention correlates with improved bladder function. Other authors have also reported on the advantages of early operative decompression [8, 18, [26] [27] [28] [29] . Despite this, there is no uniform agreement as to the optimal time to decompression. Kostuick et al. [6] have demonstrated excellent return of motor function with decompression up to 3 days following presentation. Some authors have questioned the role of early decompression altogether in CES. Bohlman [30] , in a paper on post-traumatic cauda equina, demonstrated significant recovery 30 years following the initial injury with late decompression. Delamater et al. [16] confirmed these findings with canine experimental CES. Their studies were unable to demonstrate any differences in somatosensory evoked potentials between animals treated within the first hour and those treated 1 week following the induced CES. In a recent study by Kennedy et al. [24] , early decompression was a significant factor in preventing a poor outcome. The mean time to decompression in the group with a satisfactory outcome was 14 hours, whereas the time in the group with the poor outcome was 30 hours. There was a clear correlation between delayed decompression and a poor prognosis. Early intervention may prevent the progression of partial sphincter disturbance to complete lesions in many cases. This progression has been documented to occur even within the first 24 hours [18] . It may be that early decompression of neural elements in an evolving pathologic condition can prevent the progression of the syndrome and thereby promote an early return of function.
The speed of onset has already been discussed as a possible harbinger of a poor outcome in CES. Although Gleave and MacFarlane [17] have demonstrated that rapid compression produced a poorer nutritional state in an experimental model, there is no conclusive clinical evidence in the literature to date to support this conclusion.
The most common level of pathologic lesion in CES is at L4-L5. It is difficult, therefore, to implicate level in any meaningful way with prognosis. There is evidence in the literature, however, to suggest that involvement of the lower sacral levels manifests clinical symptoms that are more subtle than those of lumbar root involvement [18] . Sacral root lesions may not cause motor reflex changes, and the diagnosis of cauda equina may be delayed or missed if careful attention is not directed toward the evaluation of sensation in the saddle and perineal area distribution. This observation has been previously made by Scott [31] , who associates permanent bladder paralysis with complete perineal anesthesia at presentation.
Sphincter dysfunction has been identified as a significant predictor of outcome in CES. O'Laoire et al. [18] , in a review of 29 patients with CES, identified the degree of sphincter impairment as an indicator of outcome. Jennett [28] has reported on 14 patients with total bladder and or bowel dysfunction, of which just 2 regained normal function. Shapiro [7] and Robinson [29] have reported that a correlation exists between the degree of sphincter impairment, the duration of symptoms, and outcome. The true incidence of residual sphincter impairment is difficult to evaluate from the literature, as the only true assessment of bladder function is with cystometry. Scott previously showed that patient satisfaction with bladder function is not a reliable indicator of recovery. Similarly, as already stated, patients may not complain of sphincter impairment for some time into the evolution of the syndrome, establishing that history alone is not a reliable indicator of a cauda equina lesion. This reinforces the importance of a complete physical examination, particularly in patients with central low lesions, which may have no lumbar root motor signs and manifest only with visceral dysfunction or perineal sensory loss. The degree of sacral root sensory loss can be missed if the examiner tests the saddle area alone. A complete perineal examination includes the perianal area, the natal cleft, and the posterior scrotal or labial areas. We would agree with O'Laoire that a loss of sensation in the perineum rather than in the saddle area is a predictor of poorer outcome.
There is no uniform agreement in the literature as to the prognostic value of unilateral or bilateral sciatica. Robinson [29] , Kostuick et al. [6] , and Kennedy et al. [24] have found that unilateral sciatica was a common mode of presentation in patients with low back pain who subsequently developed bilateral symptoms. O'Laoire et al. [18] and others [1, 5, 9] have, however, identified bilateral sciatica as an indicator of a poorer outcome. Bilateral sciatica would appear to be a progression of single-sided symptoms and not a de facto indicator of outcome.
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Contemporary Spine Surgery SUMMARY Cauda equina syndrome is a relatively uncommon condition that may be seen in traumatic injury, spondylosis, metastatic disease, and, most commonly, following lumbar disk herniation. Detailed examination of the perineal area and careful evaluation of sphincter function is essential for early diagnosis. Predictors of residual dysfunction are the presence of significant sphincter disturbance and complete perineal anesthesia at presentation. Although controversy continues to exist as to the value of early decompression, expeditious surgery continues to be recommended.
